Background
Introduction
Over the last several decades there has been a steady rise in the number of females in the medical profession. According to the AAMC the graduating class of 2016 was 49.8% female and 50.2 % male 1 . Although the percentage of females pursuing surgical careers is not as robust, it, too, has seen a steady rise over the years 2 . Concomitantly, there has been a rise in dual physician relationships. Goodman, et al reported that physicians were more likely to marry other physicians or those with a higher degree of learning than previously 3 . In 2010, 54% of physicians were married to another professional, as opposed to less than 10% in 1960.
Dual professional/dual physician relationships create a unique set of challenges in both the professional and personal environments. Work-home conflicts have been previously described as being a factor in surgeon burn-out and depression 4 . Moreover, prior studies have reported household responsibilities to primarily be the concern of women surgeons despite being in dual professional partnerships [4] [5] [6] . We sought to further delineate the gender differences in professional advancement, work-life balance, division of household duties, and overall career satisfaction amongst surgical trainees and faculty at a major academic center.
Methods

Study population
All surgical trainees (residents, clinical fellows) and faculty in the Departments of Surgery (including the Divisions of Abdominal Transplant, Colorectal, Cardiothoracic, Minimally-invasive, Pediatric, Plastic, Surgical Oncology, Trauma, and Vascular Surgery), Neurosurgery, Ophthalmology, Orthopedic Surgery, Otolaryngology, and Urology at a single, large academic medical center were included in the study.
Approval from our institution's Internal Review Board was obtained prior to study initiation.
Survey instrument
A pilot survey was administered to faculty members and residents of the Division of General Surgery in August 2015. The survey was then revised to improve the user interface. The survey was designed to acquire data in the following areas: gender, specialty, surgical training, academic rank, academic productivity, marital status, spouse employment status, spouse profession, family size, division of household responsibilities, and career satisfaction. The study was designed for ease of the respondent, with few open-ended questions. Satisfaction scores were measured on a Likert-like scale. A priori categories were created for years in practice (0-5 years; 6-10 years; 11-15 years; and >15 years) and number of publications. Spousal level of employment was defined as a homemaker if the spouse did not work; part time if the spouse worked less than 1 full-time equivalent (FTE); and full time if the spouse worked 1 FTE.
A final version of the survey (Appendix 1, Survey Monkey, Inc. 7 ) was distributed via email to all potential participants in January 2016. Subjects were identified through department listservs. The completion of the survey was considered implied consent to participate in the study. A reminder noticed was issued two and three weeks later. The survey was closed for collection of responses 30-days following initial distribution.
Statistical analysis
Univariate data analysis was performed for categorical variables with Fisher's exact and Chi-square tests as appropriate. Continuous data was assessed for normality. The Likert scales were normal, and parametric tests (non-paired T-tests) were used to assess the Likert scales. Using parametric test in survey responses that utilize a Likert scale is well established in the current literature 8 . The number of publications exhibited substantial deviation from a normal distribution. Thus, this variable was studied with a Wilcoxon rank-sum test. Interaction between years in practice and gender was tested for various outcomes including: the number of publications, academic rank, academic track, marital status, and satisfaction scores. For categorical outcomes with more than two levels, a multivariable multinomial distribution was used to assess for interaction.
For categorical outcomes with two levels, Breslow-Day test was used. For numerical outcomes, multivariable linear regression was used. All statistical analysis was performed using SAS version 9.4 (Cary, NC).
Results
Respondent demographics
The survey was distributed to 156 faculty surgeons and 121 clinical trainees (residents and fellows). One hundred and twenty-seven faculty (81%) and 116 trainees (96%) responded, with more than 90% of respondents answering all pertinent questions. Table 1 depicts the demographics of the survey respondents. The respondents were predominantly male (77% of faculty and 58% of trainees, p=0.002) and married or in committed relationships (87 % of faculty and 66% of trainees, p=<0.001). The majority of participants were in the Department of General Surgery (56% of faculty, 65% of trainees). Ninety-five percent of faculty were fellowship-trained, and 80% of trainees indicated that they intend to pursue fellowship training. Faculty were more likely than trainees to be married (87% vs. 66%, p<0.001) and were more likely to have children (87% vs. 27%, p<0.001).
Employment level and academic advancement
Women were more likely to be more junior than men (p=0.05; Table 2 ). There was no significant difference in the level of employment (p=0.4) between men and women.
Male faculty were more likely to have published (99% vs. 76%, p<0.001), with male faculty having more publications (median 21 vs. 6, p<0.001). However, after adjusting for number of years in practice we found that female and male faculty had similar number of publications (p=0.50). Women were less likely to be on tenure track (adjusted p<0.01) and more likely to remain at a lower academic rank despite equivalent number of years in practice (interaction p<0.001).
Personal life
Women were more likely than men to be married to or partnered with a professional (90% vs. 37%, p<0.001 for faculty; With regards to home-related responsibilities (Figure 1 ), women faculty surgeons were more likely to be primarily responsible for child care planning (p<0.001), meal planning (p<0.001), grocery shopping (p<0.001), and vacation planning (p=0.003). Male surgeons delegated these tasks to their spouses or partners. Gender neutral responsibilities included financial planning (p=0.03) and monthly bill payment (p=0.04), with these duties being a primary responsibility for male surgeons but a primary responsibility or a shared task between female surgeon and spouse or partner.
Satisfaction scores
Satisfaction was scored on a Likert-like scale with 1 being unsatisfied, 2 slightly satisfied, 3 satisfied, 4 greatly satisfied, and 5 completely satisfied. Participants were asked to rate satisfaction with their personal life, professional life, and overall work-life balance.
Female faculty surgeons had significantly lower satisfaction in personal life (mean 3.1 vs. 3.7, p=0.02) and work life (mean 2.7 vs. 3.5, p=0.002) compared to male faculty surgeons (Table 2 ). However, there was no significant difference in satisfaction levels between genders in overall work-life balance (mean 2.6 for women vs. 2.9 for men, p=0.3).
Department of Surgery
The differences between genders were more pronounced when the Departments of Ophthalmology, Otolaryngology, Orthopedic and Urologic Surgery were excluded ( Table   2 ). Within the Department of the Department of Surgery (Divisions of Abdominal Transplant, Colorectal, Cardiothoracic, Minimally-invasive, Pediatric, Plastic, Surgical Oncology, Trauma, and Vascular Surgery) there was no difference in level of employment, but women faculty were fewer years into practice (p=0.03). After adjusting for years in practice, women faculty had similar number of publications (interaction p=0.6) and similar distribution across academic ranks (adjusted p=0.1), but were more likely to be on a clinical track (adjusted p=0.008) compared to male surgeons.
Women faculty were more likely to have a professional (85% vs. 26%, p<0.001) or physician (54% vs. 23%, p<0.05) spouse or partner who was working full time (83% vs. 23%, p<0.001). They were more likely to have less children (p=0.03) and to have delayed child bearing until after medical school (100% vs. 59%, p=0.01). Child care planning (p<0.001), meal planning (p<0.001), grocery shopping (p<0.001), and vacation planning (p=0.05) were predominantly performed by female surgeons (Figure 1 ).
Financial planning (p=0.3) and monthly bill (p=0.8) payment were gender-neutral household responsibilities. Personal life, work-life and overall work-life balance satisfaction scores were similar between genders.
Surgical trainees
Of the 116 participant trainees, female and male residents were equally as likely to be married (68% vs. 64%, p=0.9; Table 3 ). However, female trainees were more likely than male trainees to be married to a professional (82% vs.41%, p<0.001) or physician (43% vs 18%, p=0.03), and more likely to be married to someone who is working full time (93% vs. 54%, p=0.03). Female trainees were more likely to not have children (82% vs 33%, p<0.001) and more likely to report the intention of delaying child bearing until after the completion of medical school (100% vs. 46%, p<0.001) or the completion of residency (77% vs. 19%, p<0.001).
Amongst trainees, childcare planning was a shared responsibility between surgeon and spouse for female trainees but primarily a spouse responsibility for male trainees (Figure 2 , p=0.001). Financial planning was a shared responsibility between female surgical trainees and spouse while it was a primary responsibility for male surgical trainees (p=0.004). Meal planning and grocery shopping were household responsibilities that were evenly divided between self, spouse or both for female trainees, while these household duties were primarily performed by spouses for male trainees (p<0.001). Vacation planning was a gender-neutral household duty amongst trainees (p=0.2) Female trainees reported lower satisfaction with work life compared to their male counterparts (mean 2.9 vs. 3.4, p=0.009). However, there was no statistical significance in satisfaction score between genders amongst trainees in personal life (mean 3 for women vs. 3.3 for men, p=0.1) or overall work-life balance (mean 2.6 for women vs. 2.9 for men, p=0.1).
Generational analysis
We categorized generations of surgeons into trainees, early-career (0-5 years and 6-10 years in practice), mid-career (11-15 years in practice), and late-career surgeons (>15 years in practice). Proportionately, there were more female surgical trainees than faculty (42% vs. 23%, p=0.002). Additionally, across the generations, there was an increasing trend toward an increasing proportion of female surgeons (p=0.05; Table 4 ).
In our study population, the percentage of surgeons in dual-profession (p=0.7) and dual surgeon (interaction p=0.9) partnerships remained relatively stable across the generations. However, the change in proportion of dual physician partnerships across the generations was significant (p=0.002). The interaction of these changes with gender was not significant (p=0.24). Similarly, there were no significant trends in surgeon vs. spouse with regards to household chores across the generations.
With regards to satisfaction scores, late career surgeons (>15 years in practice) reported higher satisfaction scores in personal life than those in their early/mid-career and in-training surgeons (p=0.005). Mid career surgeons reported lower satisfaction scores in work life (mean 2.9) than surgeons in training (mean 3.2), early-career surgeons (mean 3.2) or those more than 15 years in practice (mean 3.6). However, this was not statistically significant. There was no difference in work-life balance satisfaction scores between trainees, early-, mid-, or late-career surgeons (p=0.6).
Discussion
Women are graduating from medical schools at increased proportions 1 . As such, attracting women to surgical specialties is crucial to maintaining a steady surgical work force. Research efforts have focused on medical student perceptions of perceived career satisfaction of female surgeons, the lack of female surgeon role models, and exposure to surgical electives 9, 10 . It is clear that in order to attract female medical students into surgery, there need to be more female surgeon role models and more women in leadership roles, with which a network of support can be established.
Several studies have documented the glass ceiling effect for women in medicine.
Women only account for 17% of full professors and 12% of department heads and deans 11, 12 . More specific to surgery, only 14-21% of full time faculty in general surgery residency programs are female 11, 13 . Studies on perceived obstacles to academic progression for women list active gender discrimination, social and family issues and lack of effective same-sex mentorship as contributing factors 6, 11 .
Confounding this issue is the increase in dual professional and dual physician partnerships. Almost all partnered women in academic medicine are married to another professional who works outside of the home full time. Thirty-one percent of male surgeons' domestic partners compared to 100% of female surgeons' domestic partners work full time 6 . Concurrently, studies have demonstrated that female surgeons are more likely than male surgeons to have experienced a recent work-home conflict and that work-home conflicts factor in to surgeon burn-out and depression 4, 14, 15 .
Our study evaluated these factors at a large, academic center. Similar to prior reports, we report faculty consisting of 23% women across all surgical specialties. Women surgeons were more likely to be married to a professional working full time (80% vs. 37%), more likely to have delayed having children (100% vs. 59%, p<0.001), and more likely to have fewer (p=0.04) and younger-aged children (p<0.001) compared to men surgeons. Professionally, women were more likely than men to be on clinical track (80% vs. 40%, p=0.002). Finally, in the Department of Surgery, specifically, women surgeons were more likely to be earlier in practice (p=0.03).
This study significantly adds to our understanding of these gender differences as it is the first to delineate the gender disparities of work-life balance that may contribute to academic productivity and, indirectly, impede career development and promotion. We demonstrate that women surgeons are disproportionately more responsible for household functions than male surgeons despite a higher proportion of female surgeons being married to a full time working professional than male surgeons. We also evaluated these gender differences amongst surgical trainees. Despite a higher proportion of women amongst trainees than faculty, the gender differences in life partnerships and allocation of household responsibilities exist. Thus, even early on, at the trainee level, gender differences may be biasing women surgeons away from an academic career or toward a clinical track in an academic career.
Lastly, in reviewing differences amongst the various generations of surgeons, our study demonstrated that the proportion of female surgeons is increasing. While we did not find that the proportion of dual profession/dual physician/dual surgeon partnerships is increasing across the generations in our study, this trend is true nationally regardless of gender 15, 16 . As a result, male surgeons likely are progressively playing a larger role in household responsibilities. Therefore, the concept of work-home conflicts contributing to surgeon burn out, delays in academic progress and attrition now is becoming a gender-neutral concern. As stated by Colleti, et al, "an increasing number of men are married to professionals… and increasingly, all faculty must balance their personal and academic responsibilities" 6 . It is promising, however, that the satisfaction scores for overall work-life balance were reasonable and the same for both men and women.
In an attempt to support female faculty for improved recruitment and retention, several institutions have implemented policy changes. The concept of "clock stopping" for tenure track physicians has been implemented at the majority of Universities 17, 18 . While the intention of this policy was to be supportive of women faculty, delaying promotion following an already extended training time period can be construed as punitive, particularly for faculty who are diligently working both at work and at home. While these studies demonstrated excellent success in improving the recruitment and retention of women in academic medicine through work-related interventions, the interventions do not alleviate the competitive stressors from personal life that affect women more so than men. More creative and flexible strategies or policies need to be implemented 21 . Home-life directed interventions (such as on-site daycare, back-up child care, in-house nanny recruitment/referral services, etc) may alleviate this stressor and result in decreased surgeon burn-out, improved retention, and should be considered by academic institutions and hospital health care systems. Furthermore, more flexible policies on promotion and tenure-such as factoring in the challenges of dual profession/dual physician/dual surgeon partnerships during the promotion process ("acknowledge and value the whole person beyond the surgeon" 10 ), or the ability to maintain tenure despite a part time status-may similarly result in successful career development, promotion and faculty retention 18 . Lastly, making these home-life directed interventions/resources available to trainees may equalize the gender differences at the training level and result in an increased proportion of female surgeons interested in pursuing a career in academic surgery on tenure track. We implore surgical leaders to institute some of these flexible and facilitating policies, in an attempt to improve the work-life balance for female surgeons and for surgeons in dual-professional partnerships.
Our study has several limitations inherent to all survey-based studies. We acknowledge that this is one snapshot view of one single academic institution. The male/female ratio of our faculty and trainees are comparable to national data 2, 13 . We also hope to carry this work forward with a national survey including surgeons in both the academic and non-academic realm. The results were subject to biases based on the voluntary nature of survey response. With an 80% response rate from faculty and 95% response rate from trainees, we feel that this bias is limited. Finally, the results are subject to reporting bias, which is a limitation of any survey study.
In summary, we report gender and generational differences in factors that may play a significant role in the recruitment, satisfaction and retention of female and male surgeons, alike, which likely will have an effect on the future surgical work force.
Conclusions
The work milieu and the work force are rapidly evolving. The proportion of women surgeons is steadily increasing, as is the proportion of surgeons (female and male) in dual-professional households. Attention to this change, as well as to competing interests, may play a role in mitigating surgeon burn out and improving work-life balance satisfaction. Implementation of research-driven changes in policies that facilitate successful career development and promotion will aid in equalizing gender disparities, lead to improvement in recruitment, and result in retention of the current and subsequent generations of surgeons. 
